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| REPRODUCTION QUALITY NOTICE

This document is the best quality available. The copy furnished
to DTIC contained pages that may have the following quality
problems:

¢ Pages smaller or larger than normal.

¢ Pages with backaground color or light colored printing.

e Pages with small type or poor printing; and or

o Pages with continuous tone material or color
photographs.

Due to various output media available these conditions may or
may not cause poor legibility in the microfiche or hardcopy output
you receive.

L (f this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the original copy.
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HFMCRT NOTICE3

Ahen Gavormeoet draeings, specifications, or other data are vsed
for any pusyese o'oer than in connection with a definitely relatea
Goverament prouurauent oparition, the tuited Statss Govuemeat theruby
Ancurs no re.pensatalaty nor any obligation shatsosvery and ths fact
that Lhy Joveriment may hive furmulated, furnished, ov in any way
supplivd the said arawangs, specifications, or oth¥r data, is not to be
wgarded by implication or ctherwiss as in any manner licensing the
holder or any othur person or corporation, or Conveying any rights or
pernissicn to zdnufucture, use, or sell any patented invention tpat may
in any way oo related thercto, . :

This doeumat contains information affecting the Hational Defense
ol the Unitea 3tates within tho meaning of the Espionage laws, Title
18, U, S, C., Ssctions 793 and 94. Ite trensmisaion or ths revelation
ot its contents in aay maaner to an unaythorized person is prohibited
by luw,
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FUMI2G NITRIC ACID OXILIZERS
FR LIQUID PROIE.LANT ROCKLT ZIGIIES

' DURE SR

To set forth dats smul conelusions of a Power Plant laborutory study
presented to the labcusstory Staff (June 'S5) i the use of fuming nitric
acid oxidizers in liquid propellant rockut engines on develojment contracts.
(Unclasaified)

B. FACTUAL DATA

1. Inhibited red funming nitris acid (Type IIT ,», IRFNA) has a aumber
of advantages wnich wake 1t more desirable than vhite fumning nitric aeid
{Type I, WaiA) for use in liquid propellant rocket enginos, The.e advan-
tages are:

a. Laver frsezing point
b. Grestar stability during storage
¢, leas corrosicn. (Upclessified)

2. The use of Type III A acid has 3ome disadventages which are es
follove:

i. Higher vagpor pressure

b. The inhiditor now used attacks in varylag degress materials
such es cermats, ceranics, and glass,

6. The coopatidility of all the materials in ongines under
dsvelopmant haas not teen proved,

4. The cooling capacity $s approxizataly 308 lsss than willa.
{Unclasairied)

3. The puysical and chenjcsl properties of Type IIIA and Type 1
scids gre very aizilar 3o that the change to Type I1IA from Type I ca
eogines under duvelopsent results in & minicua of redesign and testing of
e engine. Deaign principles ussed in gns gensrotora, pulps, thrust
chachers and injedtors appeer to be equsily adsptadble to Type 1IIa acid.
{SarinmiTIaAL)

4. Nine rocket eagines uaing funipg pitric acid es the oxidizer are
{a various steges of developent. Two of these englues, e XIRTT-RN-l
(1495) and the XIRB1-Bae) (XB-55), vere designsd and developed to their
;reaent status vith Type 1IIa acid. (CRUFITENTIAL)

Tae Title of thias Report 4o *Unclassified.”
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C.

D.

S¢ 4 discussiean of spseial tests, other dats, and individual sagines
will be found 4o Appendix i, (Unolasaified)

CONCLIICNG s

1. The advaatages of Type III A over Type I eeid are sufficieat to
warraat a ehaage to Type 111 A in those engiass whied are sshaduled for
opesaticoal we. (Umclassified)

2. Tae future status of engines under 4swlopment will de as follows:

8¢ Ths IR63-AJ-1, YIR63-aJ-3, end XIR67-BA«5 exgises vill comtimus
to use Typa I asid,

be T™he XIRS1-Bi-]l ard XIR77-BM-1 engines will ecatizms 0 uss
Type IIZA acid.

6. The XIIRET-BA-9 sngine should de emvertsd fres Type I to
Type I1IA Acid for all samponemd imgrovessat and eagine qualifieation
testing, (This reccmascdation Ao desm msds to the GAN-O3 projest affics).

de e XINTI-AJ-1 will be sonvertsd to Type I1IA asid. Axy
redieal dsasign edanges that diffar from Type I rractises shall o Wought
$0 ths attgntion cf Power Flaas ladoratory My the asgiad GOAtIestar.

e. The IIRY9-AT-9 engias akouid de ecavarted to Type IIIA Aedd
at the sppropriate time 50 a8 %0 wiilize fuil bdenefis of flight approvel
Sesting and £11gh0 sahadaling.

fo The XIRY9-A7-5 engine should be converteld $o Type IXIA isid
Af major davelopuent effort is ecnaidazed for this sogime
{ COFIOENTIAL)
RESONRGUSTE
It i rescmeadsd t:at matariel :nd stozeps evaluation ogieen be

eomtinmed with Type 1Li4 2312 t0 suppart e rocket anglise progpems.
{Caclanaified)
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AYPENDIX A
A, BACLGRUR{D ' N

l. Fuming nitric acid hos been used by the Air roree as the primary oxiufzer
for appliocaticns involving stand-by time such as sssist take-off, aircraft super-
perforaance, interceptor aircraft and air-to surface wissiles. Tares types of
funiog nitric ecid have been used; asid with a ncminal Of nitrogen dioxide, acid
vith a nominal 6% nitrogea dioxide, and acid with a nominal 14X nitrogen dioxide.

(CodFILECTLaL)

2. Type I Acid wazs sslected as the standard oxidizer for major sngine
development work, primarily becsuse of its lower vapor pressure., Although the
freesing roint of Type 1 Acid is about «43°F, it was thought theat an additive could
be obtained which would lower this value to s =65°F. A complstely satisfectory
edditive nas nut been found which lowers the frsezing point but at the sems time
maintains the other deairuble cheracteristiocs of vapor pressure and water content,

(CUNTIDERNTIAL)

3. Type I Acid decompuses during storage liberasing axygea walen prohitits
the storuge in sealed containers without periodic venting. A further result of
the dacomposition is an incresse in water and nitrogen dioxide content. (CXIFIDENTIAL)

4. The extrome corrosion tendeneies of the fuming nitric acids led to
investigations of materials and additives which wold decresse the corrosion attack.
Aluminum and the stainless steels emerged as the primary materials of osonstruction
and very szall amouants of hydrofluoric acid (.5%) is effective in reducing corro-
sion to most metals in both Type I and Type III Acids. (Unclessified)

S. The decomposition and corrosion of Type I Aeid did not appear to be a
@4 jor problem in the earlier rocket engines since they ocould opurste with acid
wnich had accuxulated sume iron products through corrosion processes end would
tolerate water content of 2% to 5% without seriously affecting psrformanscs. Howe
ever, with engines acving ;us geasrators for turbine drives and firing durations
greater than 60 suconds, troubles were oxperienced with iron deprosits in thraest
cheambar and earbon-iron deposits in the gas generator systa-s which caused ssvere
limitations on the procurement and storags of tue oxidizer. kopeated use of
shipping and storage containers aggravates the situation since tesidual corrosicn
products contaminute tha {reah aoid unless a eleaning process is invoked.

6. Rxperience with Type III Acid indicated that tais acid was much mors
stable and thersfore could be stored in sealed containers with only very small
chenzes in composition for relatively long time periods. A freesing point of
«65°F ecould be obtained with the judiecious selection of nitrogea diaxide snd
water content vithout adverss effects on rocket engino systems. The use of the
inhibitor, hydrofluoric scid, and seiscted materials substantially decreazes
corrosion rates for long term atorage and therefore is beneficiasl in dwereasing

[ o .
R SSVCLIN=11669
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(AFFRNDIX A - Continued)

the metallic eontent of the oiluizer st the tims 1t s used. (CUIFILENTIAL)

B. PUWER VIANT LABURATURY STUDIES

l. In viev of the known advantages of Type IIIA Aeid, the Rocket Projellant
Seeticn of Power Plant Laboratory, WCLIY, and the Chemical Brsach of Materials
Ladoratory, WCRTH, recomsended tiat Type IIIA Acid be used for new engine devel-p-
ssnt programs and that consideration be given to changing the existing engines %o
Type 1114 hcid. These recommendations were rfollowed and the design of XIR77<RMel
and XIR8,-Bie] engines were initiated with Type IIIA Acid, Studies end special
teata vers then conducted to determine the feasibility of sonverting the existing
sagines. Thé following piragraphs relate test data and yeneral information rela-
_tive %o the coavsrsicn of existing engines. (CUNFIDNTIAL)

2. Rsporta on the progress of the Torporal and Nike missiles developed by
Ay Ordneance wers rovismd for applicable dats.

a. The Corporal is a 20,000 1b thrust unit operated for 60 seconds.
The thiust chaxber muterial, including the inmjector, is 1020 aild steel and the
chamber is regenerutively ccoled with fuel, a 50-50 mixture of aniline and aleohol
plus 7% hydrazine, The tanks are aluminum with a:stored s pressure feed. The
Fajor develciaent effort wes done with RFNA (6% NO2) end s change was made to
IRFNA (14% NO2) without sy changes in the system,

Y. ¥he Nike is @ 2800 1b thrust unit (cruise) with a csramic-lined
chanbez and nwzle. The chamber produced by the Bell Airoreft Corporation uses a
nlafrax convergent seotion eand throat, & graphits chamber ssction with a silicon
carbide coating, & graphite diverging seotion and a 2irconium and sodiua ailicate
insulating eement. Dsvelopment worx was conducted with RFNA (6% NO2) and the unit
wvag converted to INENA (14% NO2) without design changes. (CONFIDENTIAL)

3. The Bell Airers”t Corporation hus conducted a number of tasta with
Rescel hardwars (XLR67-BA-9 engir3 eomponents) in support of the Hustler program
with Type IIIA Acid, Thsse tests are sumaarized below.

&, Approxinately 150 thrust chamber asscaobly runs were made over a
temperaturs rangs of =65°F to v160°F with the mixture ratio varied from 3.8 to
57« The fuel wes JP-4 with UDMH as the stars fluid. The runs averaged 15
seconds in duration and the chambar was fahricused of stainless steel tudes wilh
cast aluminum, steel injectors, and a ceramie haat dbarrier on the casbuation side,
FPifteen different cnambers end slevan (1l) injectors vere used; many having
previous firing tioe with Type I Acid. No endurance or life tests vere conduoctad.
rarfarmance appeared to bs equivalent to that obtained with Type I Aeid.

V. Trhree Rascal jpump end drive oesemblies wers teated with Type IIIA
Acid and Jr-4. Assembly Nu. 1 vas testad in five (5) runa toteling 1.5 minutes,

5
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(APFINLIX A = Contisued)

agsembly Mo, 2 vas opsrated 27 times totaling 21.5 miuztes, snd ascssdly Ro. 7 vas
run 89 tizes for a total of 37.5 minutes. Otiisr ibae repi’ azmm 308]1 wear,
there vere no diffioculties astributaile 2o ¢he aald,

e AR oxidizer pump an ihe miEg tect rig ocapleted 12 teets totaling
10 bours of opsretion for calidretica and cefuranss tesss. (ke sesal (teflom-glass)
endured the oamplete testa,

d¢ Tests vith & g9 genarator peckage bave 1ndiceted no edditioncl
prodlems with cardan, performaiwe, of eontxols.

se Im additicn to the abovae testa, saxms testing has boosn secamplished
vith prototype Hustler componaants (21 June 1955). %The 4rilled alumiagm ehasbes
configuration has besn fired 93 times with 33 full duration rund. Tho steel tude -
sadt alumisum design, bas had 193 firings witk 93 full duration runs. Injsctors
have beea fired over the temperature range of <5597 to *if0°F. Cuns iujfeetor has
achieved 54 full durstica runs for a total endurance of 3517 ssconlss 4 pamp and
drive assesdly has sceomplisbed 175 minutes of functicual teating. (CONFIDENTIAL)

e Of primary importanss to ths fabricatioa of liquid [wopellaa® rocket
eogings erc shn Datarials of coastruetics. Frograms to use less eritical elments
fosluds tiuno o@ ceremics and 17-7FR for 1605 and 347 steels. Pruviows dats with
17-TFH iadicsatsi thag the fabidbitor cana~d a seale foxumtica. whisl if allowed o
dry snd thsa s2yosel to mvisturs, would guparats fram the parstd sotal, T™he .
Katerials labturator fen some Quick ¢asta with 17-TFH and availsaD'es rsremied vild
Sype I11A a0id, The ‘*cats vare inooasliatve Decsuss of the time alemsns, 3Fssults
of thess tests indicated the Joliowing:

s, .t : tampevatire of 1739 @& scale ALl fotm o 17~7FA% 4n ligquid
mf!uinmh,um mlthubme

be A% andient teaperetures, 2o time required for sesle forwation oa
17-758 A0 JiQuid IRFMA Sa greater thom thres (3) days.

e & cos-t.ms scala remaval from previcualy cerroded spacimsas did nog |
sdversely effect the carToRic rate of 17-TPH whoa re-sudjectad to the csrrodicg
aediza,

d. Two of the twelve samples mmuxam at 1759 indicetad rafdss
severa pitiing bensath ths cmls,

e m.emmmmmua o tha taats & e elosd
oysScea a8 1759, Im st apes system the [ressmss of HY 414 not affect s matarials
st amiient temporstures, Diffscent csremic fesalations axhiditad diffexwnt
casrectaristios, vhils IRFHA attaciied al)l caremics sudjsoted 1S tha tast ware
vigmrously thae WIKA, tho applicadbility of s tsat gRocedure o thone deremics

W .
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(APPRDIX 4 - Continusd)

destined for thrust chembar use is qusstiouabls. Cersmic filters snd rotsting
soal slaments may no$ be usable in IRFNA. Development of the XIR77-"M-1 eagize
and othsr ceremis investigations sponsored by the Powsr Plant labaratory has
indicated that coraales ere nov evailable fur thrust chamber liners with IRFNA
a3 the oxidiaer. .

5¢ The Asrojet-UOenersl) Corporstion conducted soms special tests an e 17-774
regansratively coulpd chambexr and injector with Type IIIA Acid. This chaxber vas
fired 26 times in seven days. There wers 25 = 60 second runs end 1 - 15 seoczd
Tuns with 48 hours maximum iatervel between runs., Periodic examination of the
filter downstream of the chamber goolant jacket did not reveal any differences than
vith Tyge I Aeid. The performance was equivelent to that obtained with Type I
dcid, Teardown of the chamber revealed severe erosion of the injeatar face and
combustion chamber wall adjacent to the injeator. The erosica may have bsen coussd

by HF, ¥Op, or injector dssign (srpray pattern). Thers haye been no other indica-

ticns that either HF or N0y would be the primory cause for\ such erosion; however,
past axperience shows that the imjection pattern can cause erosion dy the circules-
tien of combustion gmses within the chamber. (COMFIDENTIAL)

6. Othur problems of instellation end servicing have been oxaminsd. For
supscpsrformance type siraraft, the higher vapor pressuree of Type IIIA Acid wiil
Tequire higher tank pressures to prevent boil-off, More strirgsnt requirsments
will be placed ca booster pumps because of the higher vapor pressure and greatsr
lr_lgzrcuicm head required by the rockst engine pumps. (It was caleulated for ths
) 4 rocket angine instellaticn that ths oxidizer tank for & 10 pel ressure would
woigh 81 1bs. whereas the presend tank with only 3 psi weights 71 1lds. i further
inersasc to 20 pei would bring tank weights to about 100 lbe.) Filtratioa equip-
meat has, in genersl, used glass clements for filter material, However, metallle
strainsrs have been used almost axclusively in operaticns it dsts. The design of
the B-2 sexrvicing trailer has considered the handling of Types I, III, and IIIi
Acids, (CONFIDENTIAL)

Ce mgv

/I/. ¢ primary advantages of Type IXIA Acid; storsge stadility, lovw
freezing poins, and less oorrosion, are sufficient to justify its use in rocket
propulsion aynuu’vﬁx_i_g_t_z__lro to be developed for taetical use. (Uaclassilield)

2.1 e use of the material 17-7PH with Type IIIA Acid is questionadle and
further investigations should be made to substantiate or refuts existing data.

a——

/{‘,'/Ad‘quu osramic materials are available for use in engins ca=Puaticam
chambers. (Uaslasstfied)

\.
&<y The ma jority of rooket engine sonstructicn materials are agually

adaptable to Type I or IIIA Acid. (Uaclassifiedr— -
S it ‘4 !
7 ) el N .'C oo ;IJ -
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AFFRMDIX 4, - Continued) -~ o,
{ oov Ftv.J 7. A (}V g //7
ign sritaria (combusticu, injection, pumipe, and eoaling) appear %o ba
aqually adaptable to Type I o ITIA Acid. Tho differenees ia vapor IKossurse,

density, and hoat sapacity must be oonsidared in systems duinf\ (qeriL 0008 o0ar 9

|
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